Background: Dual antiplatelet therapy (DAPT) using either an aspirin-clopidogrel (A-C) combination or aspirin-ticagrelor (A-T) combination has become the standard therapy for acute coronary syndrome (ACS). Ticagrelor shows better pharmacokinetic profiles but is more expensive. This study aimed to compare cost-effectiveness and safety profiles of A-C versus A-T in patients with ACS.
Coronary arterial disease (CAD) is the main cause of death in both developed and developing countries. 1 According to the data published by World Health Organization (WHO) in 2012, ischemic heart disease (IHD) has resulted in mortality in 7.4 million individuals worldwide. The 2013 Basic Health Research performed in Indonesia revealed that CAD was the seventh most frequent non-communicable disease in Indonesia. 2 According to the WHO prediction in 2013, mortality caused by CAD may reach 17.5% of total mortality cases in Indonesia. 3 Dual antiplatelet therapy (DAPT) and anticoagulant therapy have become the mainstay treatments for acute coronary syndrome (ACS). The most widely used DAPT is combination of aspirin with one of the adenosine diphosphate (ADP)-receptor antagonists of the thienopyridine group. Clopidogrel was the most widely used (ADP)-receptor antagonist from the thienopyridine group. However, it is a prodrug that requires conversion to its active form by cytochrome P450 enzymes (mainly the CYP2C19 isoenzyme), which show polymorphism. 4, 5 This polymorphism is associated with heterogeneous responses. Some patients may be partially responsive or even irresponsive to clopidogrel, this may result in a high recurrence rate of IHD (10% of IHD, and 2% of stent thrombosis).
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Ticagrelor is a newer generation of ADPreceptor antagonists and is a directly active drug. Thus, the sort of response variation encountered with clopidogrel is not expected with ticagrelor use. The 2009 Platelet Inhibition and Patient Outcomes (PLATO) study reported that ticagrelor is superior to clopidogrel in preventing the recurrence of ischemic events such as myocardial infarctions and ischemic strokes. 6 However, adverse events such as gastrointestinal and intracranial bleeding were reported more frequently with ticagrelor use compared to clopidogrel use. In addition, ticagrelor use was associated with other side effects such as epistaxis, shortness of breath (dyspnea), and a higher withdrawal rate. 7 Although there is a trend toward using ticagrelor, many centers in Indonesia still use clopidogrel because of its cheaper price and availability under the coverage of the National Health Insurance System. Considering the different efficacy and safety profiles of these drugs as reported in the PLATO study of Western people, we intend to evaluate the cost-effectiveness and safety profile of these two regimens of DAPT in patients with ACS at the Cipto Mangunkusumo Hospital, Jakarta.
METHODS

Study Design
This is a retrospective cohort study on ACS patients hospitalized at the Cipto Mangunkusumo Hospital during the period between January 2014 and December 2016. Clinical data were collected from patients' medical records and drug data. All treatment costs were collected from the financial department of the hospital. The study protocol was approved by the Ethics Committee of the Faculty of Medicine, Universitas Indonesia (No. 399/UN2.F1/ETIK/2017).
Participants
Eligible patients were adult (age ≥18 years), hospitalized and diagnosed for the first time with ACS [ST-segment-elevation myocardial infarction (STEMI), non-ST-segment-elevation myocardial infarction (NSTEMI) or unstable angina pectoris (UAP)]. Patients who received either aspirin-clopidogrel (A-C) or aspirinticagrelor (A-T) combination as DAPT for a minimum period of 3 months were included. Patients who were switched from A-C to A-T or vice versa were included in the group of their initial treatment. Patients who received drugs other than clopidogrel and ticagrelor in their dual antiplatelet regimen, and patients with incomplete data records were excluded.
Outcomes
Assessment of effectiveness in both groups was based on the incidence of major adverse cardiovascular events (MACE) such as cardiovascular death, non-fatal myocardial infarction, stent thrombosis, and ischemic stroke during observation timepoints of 3, 6, and 12 months. The safety assessment consisted of bleeding (major and minor bleeding), and other side effects (dyspnea and hyperuricemia) during 3 months of observation.
Statistical considerations
The sample size for evaluating MACE was calculated by using the formula for two proportions of two independent sample groups:
2 P 1 = proportion of clopidogrel effect in avoiding major CV event= 80% = 0.8 (from reference 6) P 2 = proportion of ticagrelor effect in avoiding major CV event = 90% = 0.9 (from reference 6) By taking Z ɑ =1.96; Z β =0.842; and P=(0.8+0.9)/2, it was established that a minimum sample size of 116 was needed for each group. Effectiveness and safety parameters of the two regimens of dual antiplatelet (A-C and A-T) were presented as descriptive statistics at 3, 6, and 12-month evaluations. Comparison between the incidences of MACE in both groups was performed using the Chi-square test, and a p-value of <0.05 was taken as the limit of statistical significance.
Cost-effectiveness analysis (CEA)
CEA was calculated based on the incremental cost-effectiveness ratio (ICER). It is defined by the difference in cost between the two regiments (A-C vs A-T), divided by the difference in their effects, which is the percentage of patients without MACE. The ICER can be calculated by the following formula: ICER=[C1-C0]/[E1-E0], where C1 and E1 are the cost and effect in one group (A-T) group and C0 and E0 are the cost and effect in the control (A-C) group.
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RESULTS
Data were retrieved from 1,059 medical records from patients (inpatients and outpatients) diagnosed with ACS at the Cipto Mangunkusumo Hospital from 2014 to 2016. Of those patients, 879 were excluded. Of the excluded patients, 484 were due to incomplete data, 267 did not continue treatment in this hospital, and 128 due to miscoding of their diagnosis. Finally, 123 patients who received aspirin-clopidogrel and 57 patients who received aspirin-ticagrelor were eligible for analysis. Table 1 shows demographic characteristics of patients belonging to A-C and A-T groups. A-C groups had more patients with comorbidities such as congestive heart failure (CHF), chronic kidney disease, hyperlipidemia, liver disease, gastrointestinal disorders, and tuberculosis. The A-T group had more metabolic comorbidities such as diabetes mellitus, hypertension, and hyperlipidemia. Both groups were dominated by male patients. The A-T group had more obese patients, while there were more underweight patients in the A-C group. Accounting for the type of acute coronary syndrome, STEMIs were predominantly found in the A-T group, while NSTEMIs and UAPs were predominantly found in the A-C group. 
Clinical aspects and concomitant drug usage
The average duration of A-C combination treatment was 11 months (range: 3 to 34 months), and the average duration of A-T combination treatment was 6 months (range: 3 to 21 months). There were more patients who switched from A-C to A-T treatment, compared to the inverse switch in treatment. DAPT and HAS-BLED scores were comparable between the two groups. Concomitant use of strong cytochrome inhibitors (omeprazole) and strong CYP3A4 inducers (rifampicin) were higher in A-C group (Table 2 ).
Efficacy
assessment: major adverse cardiovascular events in patients receiving A-C and A-T Figure 1 shows that during the 3-month period of observation, the incident of MACE was significantly higher among patients in the group receiving A-C compared to those in the A-T group (31.7% vs 15.8%, p=0.039, RR 0.498, CI 95%=0.259-0.957). The most frequent MACE was acute myocardial infarction (36 out of 123), while stroke, stent thrombosis, and cardiovascular death were experienced by one patient each in A-C group, compared to none in the A-T group. The 6-and 9-month periods of observation gave an almost identical percentage of patients with MACE. At 12 months, there was a trend, though not significant, indicating a lower incidence of myocardial infarction in A-T group of patients compared to those in the A-C group (10.0% vs 14.75%).
Safety outcome within 3 months
Major bleeding was higher in the A-T group {3/57 (5.3%)} compared to A-C group {2/123 (1.62%, p=0.681; RR=1.618; CI 95%=0.374-6.994)}. On the contrary, minor bleeding was higher in the A-C group (2.4% vs 0%). We did not find any cases of dyspnea or hyperuricemia in either group (Table 3) .
Confounding factors
As shown in table 4, the occurrence of MACE within the 3-month observation period was significantly higher in the A-C group than in the A-T group. Further analysis of confounding factors revealed that hypertension (Table 4) . With regards to drug-drug interactions, omeprazole and rifampicin influence on cytochrome P450 activity, and hence would influence the metabolism of clopidogrel. However, the analysis did not show that the influence of these drugs on MACE were statistically significant. Table 5 shows the average of total treatment costs between the 2014 and 2016 in both A-C and A-T groups. The cost for each patient was calculated for 3 months following admission for acute coronary syndrome. Table 3 . Safety outcomes for patients on aspirin-clopidogrel or aspirin-ticagrelor during a three-month observation period Application of the formula for calculating the incremental cost-effective ratio revealed the following results: ICER=(IDR 79,296,071-IDR74, 849,993)/(84.2%-68.3%) = IDR 279,438. It means that an additional cost of IDR 279,438 was needed to avoid one MACE when using aspirinticagrelor combination compared to aspirinclopidogrel combination.
Cost analysis
Dyspnea, n (%) 0 (0) 0 (0) - - Hyperuricemia, n (%) 0 (0) 0 (0) - -
DISCUSSION
This was a retrospective cohort study on patients with ACS who received dual antiplatelet, clopidogrel or ticagrelor in combination with aspirin for at least 3 months. A total of 123 eligible patients were in the aspirin-clopidogrel group, and a total of 57 patients were in the aspirinticagrelor group. The subjects in both groups http://mji.ui.ac.id
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Efficacy outcomes
The main parameter we used to evaluate efficacy outcomes was the incidence of major cardiovascular events (MACE) including myocardial infarctions, cardiovascular deaths, strokes, and stent thromboses. In our study, the evaluation of MACE was done in 3 months intervals. This was because thrombin and platelets have their highest activity in the first three-month period. Therefore, the probability of MACE was its highest in this period. In addition, some of the patients recruited for this study received DAPT for only 3 months.
The incidence of MACE was significantly lower in patients who received ticagrelor (15.8%) compared to those who received clopidogrel (31.7%) within the first 3 months. Although cumulative one-year MACE was not significantly different in both group, the most common MACE in the first 3 months was acute myocardial infarction, followed by stroke, stent thrombosis, and the least common was cardiovascular death. The total number of MACE over 6 months was almost identical between the two groups (33.3% vs 35%, p=0.385). The same pattern was also observed over 9 months (9.1% and 9.7% in A-T and A-C group, respectively). Over 12 months, we observed a lower incidence of MACE in patients who received A-T compared to those who received A-C (10% vs 14.75%). However, this difference did not reach statistical significance.
The PLATO study also reported a lower incidence of MACE in patients on ticagrelor compared to those on clopidogrel (9.8% vs 11.7%, p<0.001) after 12 months of DAPT use. 5, 11 Although the difference in MACE between the two DAPTs in the PLATO study was relatively small, the large sample size yielded high statistical significance. The superior efficacy of ticagrelor in preventing MACE may be attributed to its direct inhibitory effect on P2Y12 receptor and platelet activation. Ticagrelor acts to directly inhibit the P2Y12 receptor on the platelet surface and create antiplatelet effect. However, clopidogrel is a prodrug that requires activation by the cytochrome P450 before it can exert an antiplatelet effect. 4, 12 Clopidogrel is activated in the liver by the CYP2C19 isoenzyme of CYP450. Inhibition of platelet aggregation by clopidogrel is known to
vary considerably among patients. This variability may result from several factors including genetic variation, clinical comorbidities, or drug-drug interactions. The effects of polymorphism in the CYP219 gene on variable response to clopidogrel, including poor response and resistance in mutant subjects have been previously described.
In our study, 36 of 123 patients (29.3%) under aspirin-clopidogrel treatment experienced MACE within 3 months compared to 9 of 57 (15.8%) patients under aspirinticagrelor treatment. We were unable to conclude whether the higher incidence of acute myocardial infarctions in the clopidogrel group is attributable to clopidogrel resistance, since we did not perform genetic studies. In addition, we do not have data on the prevalence of clopidogrel resistance in the native Indonesian population. Guha et al 13 in Kolkata India, conducted a study in 144 patients with ACS and reported clopidogrel resistance in 12.5% of patients and poor response in 19.44%.
11 Another study conducted by Kumar et al 14 involving 39 ACS patients in India showed a 2.54% of clopidogrel resistance in 2.54% of patients and partial response in 12.70%.
Confounding analysis
Clinical comorbidities that potentially contribute to the occurrence of MACE are diabetes mellitus, history of coronary disease, high BMI, heart failure, chronic kidney disease, and smoking. In our study subjects, comorbidities were not uniformly distributed between the two groups. DM and obesity were both higher in the A-T group, while heart failure was more frequent in the A-C group. The Studies of Left Ventricular Dysfunction (SOLVD) reported that patients with acute myocardial infarction were twice more likely to be hospitalized if they had heart failure.
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On the other hand, the risk of mortality in heart failure patients was four times higher, if they had a myocardial infarction.
When drug-drug interactions were examined, only omeprazole potentially interfered with clopidogrel action through inhibition of CYP. There was a slightly higher number of patients in the A-C group that received omeprazole compared to those in A-T group (10.6 vs 5.3%). In addition, more patients in the A-C group also received NSAIDs. NSAIDs may play a role in the higher incidence of acute myocardial infarctions, as they are known to increase the risk of recurrence of coronary disease. However, the small sample size did not allow us to confirm this conclusion. Further studies with adequate sample sizes are needed to confirm this issue. Another possible influencing factor is the background to the ACS diagnosis. As seen in table 1, a higher number of patients in the ticagrelor group underwent primary percutaneous coronary intervention (PCI) and stent compared to the clopidogrel group. It is likely that this intervention plays a role in the lower incidence of acute myocardial infarctions within 3 months of DAPT treatment.
Safety assessment
Major bleeding within three months occurred in 3 of 57 (5.3%) patients of A-T group. They had melena within 1 to 2 weeks after ticagrelor consumption. Three patients were aged more than 75 years old, with normal BMI and comorbidities of DM, hypertension, and CHF. They were diagnosed with STEMI and had no concomitant drug with potential to increase bleeding risk. These patients were then switched to clopidogrel for 12 months, with no recurrence of bleeding reported. The PLATO study noted that the risk of bleeding increases in geriatric patients.
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Each decade of age increases the risk for major bleeding with hazard ratio by 1.61; CI 95%, 0.374-6.994). However, subanalysis in PLATO study did not prove an increase in risk of major bleeding in patients older than 75 years old.
Of the 123 patients (1.62%) in A-C group, two experienced bleeding. One of them had melena, while the other had anemia that required transfusion. The patient with melena was 72 years old, and experienced melena after 5 months of treatment with aspirin+clopidogrel. Aspirin was then discontinued, while clopidogrel was continued. The patient with anemia was 52 years old with a history of warfarin use, which potentially interacts with clopidogrel. Anemia reported after 7 months of treatment with aspirin, clopidogrel, and warfarin. Clopidogrel and warfarin were withdrawn for 1 month; clopidogrel use has been resumed since. No MACE has been subsequently reported in this patient.
Minor bleeding was noted in 4 of 123 (3.25%) patients in the A-C group, and in none of the patients in the A-T group. Presentation of bleeding was respectively, epistaxis, gingival bleeding, and http://mji.ui.ac.id hematuria. All these patients experienced minor bleeding while receiving DAPT concomitantly with an anticoagulant such as warfarin and enoxaparin. It was concluded that bleeding in these patients was attributable to warfarin or enoxaparin use, rather than the DAPT itself.
We did not find other side effects such as dyspnea and hyperuricemia. This is likely a result of the limited sample size of patients. The PLATO study reported that the incidence of dyspnea and hyperuricemia was higher in patients who received ticagrelor. It is hypothesized that the sensation of dyspnea was associated with an inhibition of the P2Y12 receptor on sensory neurons, particularly when reversible inhibitors such as ticagrelor are used.
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Outcome cost
Total cost comprises of all direct medical costs (drug cost, intervention cost, room cost, nursing cost, outpatient cost, and readmission cost). Total cost after 3% discounting was higher in A-T group by IDR 79,293,071 than in the A-C (IDR 74,849,993). Referring to effectiveness of A-T and A-C treatment of 84.2% and 68.3%, respectively, calculation of ICER gave the result of IDR 279,439. It means that for each MACE avoidance in a 3-month period, an addition of IDR 279,439 is spent when ticagrelor was used, instead of clopidogrel. This ICER was far below gross domestic product (GDP), which is IDR 49,000,800. According to the WHO recommendation, an ICER of <1 GDP is considered cost-effective, while an ICER >3 GDP is considered not cost-effective.
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Limitation of the study
According to sample size calculations, 116 subjects in each arm were required. However, in the aspirin-ticagrelor group, this number was not achieved because a large number of potential study recruits did not meet the inclusion criteria. Sample size shortages caused some limitations to this study, such as lack of statistical significance in the outcomes of the 6, 9, and 12-month observation periods. In studies with larger sample sizes, the differences were consistently reported up till a year of observation. Another limitation of this study is the difficulty in drawing conclusions about the role of confounding factors including comorbidities, concomitant treatments and types of ACS. However, the significant results in MACE outcomes and major bleeding from the 3-month observation period may describe the general profiles of efficacy and safety for these two treatment regimens.
Finally, we concluded from this study that ticagrelor is more effective in preventing MACE compared to clopidogrel. Statistically significant differences in outcomes were detected within 3 months of DAPT use. The higher incidence of major bleeding in ticagrelor group seemed to be inherent to its effectiveness. The higher frequency of minor bleeding among patients who received clopidogrel was likely due to concomitant use of anticoagulants. Cost-effectiveness analysis revealed that ticagrelor was more cost-effective than clopidogrel.
